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A ITFTAI. SEN«nR DEVICE 


The present invention is concerned generally with a sensor device 
and method for measuring vital signs of a hnman fetus and its mother. 
More particularly, the invention is concerned with a fetal sensor device 
positionable within flie uterus of the mother, with amniotic membranes 
Let or ruptured, using aprobe with a flexible, distal end. Hie flexible, 
distal end has an independent inclination to assume an outward spua^ 
curvature relative to the fetus, or can wrap around the baby when not m 
spiral form, allowing easy positioning at a variety of useful fetal locatom^ 
Conventional apparams, such as an invasive cardiotocogram (CTG). 
uses invasive probes for monitoring fetal heart rate. Such an mtemal CTG 
probe penetrates the fetal tissues. These invasive probes can lead to 
Lection ofthe fetus and/or the mother; andthe probes ^^^^^^ 
and currently canmeasure only R-Rintervals of the fetal ECG^ The CTG 
method also attempts to predict oxygen saturation of tiie fetus W mdirec 
examination of fetal heart rate. In addition, prior art devices are ^equ^^dy 
able to perform only a few specific, limited measurements, not bemg able to 
monitor fetal welbess in addition to the mother's vital signs. 

Furthermore, conventional fetal sensor devices are difficult to msert 
into the uterus and require substantial training to safely insert and mamtam 
in an effective data-collection location. Moreover, the conventional 
metiiodology of placement in the vicinity of the fetal cranimn can measure 
only poor blood perfusion in the fetal scalp and face, because. (1) The 
cervix can cause a tourniquet-like effect on the fetal .calp and ce. (2) a 
hematoma formation under the fetal scalp during labor can mt rere 
oxygen saturation and cause lowered readings and. (3) placemaitnearAe 
cr^um can also cause decreased blood flow in the fetal presentmg part 
during labor contractions. In addition, conventional devices do not make 
reliable contact with flie fetus thereby resulting in a very low percentage of 
useful data. Such conventional structures also readily allow expulsion of 
the sensor during labor. , 

It is. therefore, an object of the invention to provide an miFoved 
apparatus ^d method for monitoring fetal vitality. 
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It is another object of the invention to provide a novel fetal sensor 
apparatus and method for providing highly reliable data characteristic of 
fetal health, as well as the mother's health. 

It is yet a further object of the invention to provide an improved fetal 
sensor device and mefliod of use allowing stable positioning within the 
mother without being intrusive to the fetus. 

It is an additional object of the invention to provide a novel fetal 
sensor device and method of use aUowing sensing of a plurality of useful 
biological parameters of the fetus and the mother. 

It is still another object of the invention to provide an improved fetal 
pressure sensor utilizing an inflatable balloon which can also selectively be 
used for engagement of the fetal sensor with the fetus and the placenta and 
further for measurement of the force of contractions. 

It is yet another object of the invention to provide a novel fetal 
sensor device and method of use aUowing placement in a wide variety of 
biological sites to provide reliable weltoess data for the fetus and mother 

It »s still a further object ofthe invention to provide an improved 
fetal sensor device and method of use allowing easy atraumatic 
advancement of the device between the cervix and fetus and allowing 
placement within the uterus for reliable data collection while 
simultaneously minimizing insult to fte fetus. 

It is also an object of the invention to provide a novel fetal sensor 
device allowmg incoiporation of sensor leads without efiFecting uterine 
msertion. positioning and removal, and further providing accumulation of a 
multphcity of data parameters for weUness evaluation. 

Hiese and other objects of the invention will become apparent from 
the detailed description hereinafter and the drawings hereinbelow described. 

BRIEF DESCWfP nON OF TBTF iMiAxxm^ 
FIGURE lA illustrates a fetal sensor device constructed in 

accordance with the invention and FIGURE IB is a cross section taken 

along IB-IB in FIGURE lA; and 

HGURE 2 illustrates a cross-sectional view of a fetus in the moflier's 

uterus with the fetal sensor disposed therein for welhiess measurements. 
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^ p^e^oToxioM OF PREFEFffFD FMBODIMENTS 

" A fetal sensor device constructed m accordance with the mvent.on « 
shovw, generaUy at 10 in the figures and, more particularly in FIG. . The 
felensordeL 10 (hereinafter "device lO'Oincludesahousmg U^^^ 
flexible distal end portion 12 with a soft molded tip 13. Prefer^ly the 
ZLendportion i2 is integraUycoupledto the remainder of^ 
^:lxibLdistalendpartionl2andlhesoftmoldedtip^^ 
the possibiUty of membrane rupture. As shown best m F G. IB the 
d Joe 10 includes a flexible strip 15 (such as spnng steel) coated with a 
smooth surfaced covering 17 (such as a silicone rubber or Teflon)^ 

The flexible distal end portion 12 enables positionmg of the device 
10 at any one of a variety of positions within uterus 18 of Ae mother as 
shownbnG.2 mdistalendportionUpreferably&rlh^mdud^san 
independent inclination to assume a spiral curvature outward relabv. to 
fe Jl6 (curving away therefrom) to assist in easy msertion, positiomng 
and removal of the device 10 from the uterus 18. In one Pref«ted 
embodiment in order to control the outward spiral curvati^e. the deface 10 
can also include a displaceable wire-like element 19 P^^*°-J^^^ 
lA) The wire-like element 19 is fixed at distal pomt 20 andmovableby 
the clinician at proximal end 22 to assist in estabUshing the desired 

curvature for insertion, positioning and removal from the uterus 18. In 
Zforms of the invention, theflexible distal endportionn^ 
flatpositionrathertiianaspiralcurvatore in order to follow dosely the 

contour of tiie fetiis 16 or tixe interior of uterus 18 of the mother. 

The device 10 can include preferably one or more of a A^ety of 

1, oc, nTP^ure sensor 24. an ECG sensor 26, an EEC sensor 28, 
sensors, such as a pressure scnsui .^t, « 

dished shM«ormn!v«sely concave g«»ntBy(s«e FIG. IB) which allow 
of sensor cable 35 and ftc sensors the prcK^ve concave 
Xnmnzemechanicalm.eractionwi**=u.en.s ,8andd.efe» 

16 Tins disk-shaped geometty also allows easy. atrann«^c 

between cervix 42 and the fetus 16. Inthemostp«ierredembodm.ent the 

d^ce 10 has a wid* of about 1-3 centimeters and 25-33 ccntnneter, u. 
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length. The 1-3 centimeter width dimension helps prevent twisting of the 
device 10 when being inserted into the uterus 18 or being positioned for use 
m sensing fetal parameters. The 25-35 centimeter length enables 
positioning of the sensor means along a substantial path length of interest, 
as weU as being able to easily reach a normally remote location within the 
uterus 18. In addition, placement of the device 10 well within the uterus 18 
avoids a number of problems associated with conventional sensors disposed 
near the cervix 42 or fetal cranium 46. such as: (a) creation of a tonsure 
effect (a tourniquet effect caused by the cervix 42), (b) caput which is a 
hematoma formation under the fetal scalp generated during labor, (c) poor 
blood perftsion caused by the fetal cranium 46 engaging the cendx 42, 

(d) maternal contractions causing decreased flow to the presenting part 

(e) inconsistent sensor contact arising from poor mechanical contact, fetal 
hair interference or motion artifact in the pelvic area, and (f) inadvertent 
extrusion of the device 10 due to maternal labor or cable tractioa 

The pressure sensor 24 can include a baUoon type device 25 which 
can be inflated (see in phantom the baUoon device 25 in HG. lA) to 
variable pressures and used with conventional feed back electronics in 
control unit 38 to maintain a substantiaUy constant pressure of engagement 
of the device 10 with at least one of the fetus 16 and the uterus 18 of the 
mother. The baUoon type device 25 of the pressure sensor 24 can also be 
used in conjunction with conventional electronics in control unit 38 to 
directly sense the pressure within the uterus 18. Such pressure readings can 
provide an mdication of the progress of labor. Similarly the other sensor 
devices provide important information as to the state of weUness without 
mtrusive probing of the fetus 16. As can be seen by reference to HG 2 the 
device 10 can be positioned readily at any time, including prior to rupture 
of maternal membranes, widi minimum risk to the fetus 16 and the mother 
(not shown). Since monitoring can be perfonned witii intact maternal 
membranes, it can be useful to know the location of placenta 36 in order to 
avoid distm-bing its fixation to the uterus 18. Hiis can be accomplished by 
such conventional methods as an ultrasound scan of the mother's abdomen 
The device 10 itself can also be fitted with an ultrasound device (ej„ the 
transducer/sensor 33) to assess the fetal heart or other fetal structures. Also 
the device 10 can be utilized to allow inflation or deflation of the uterus 18 ' 
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wiA fluids passed through chaimel 37 (see. FIG. IB) to enable selected 
careful changes ofthe fetal position. , , • ,n k» 

Using the knowledge of the placental location, the device 10 can be 
manually inserted within the uterus 18 to a position desired. Tlus can be 
done, for example, by using one hand to guide the device 10 and the ofter 
to push the device 10 between the cervix 42 and that portion of anmiotic sac 
44 covering the fetal cranium 46. Once a desired insertion path is 
established, the device 10 is readily advanced while the clinician observes a 
display (part ofthe control unit 38) to detennine an acceptable 

plethysmographic signal. The previously described distal end portion 12 
Lsists in establishing a stable position for the device 10. and the position 
may require adjustment following labor contractions or patient position 
changes. Experimentation in clinical settings have determined a wide 
variety of stable positions can be achieved for the device 10. and a 
preferable position is posterior to the fetus 16knownasausculatory 
position 48 (shown generally in HG. 2). In such a location the previously 
described geometty ofthe device 10 prevents tivisting of the distal end 
portion 12 which would result in the sensor facing the utenne wall rather 
Aanthefetiis 16. Exactplacementof the device 10 can also be detemuned 
using ultiasound techniques (such as operating an external ultiasound 
system or tiie transducer/sensor 33). 

Ixi a preferred embodiment the device 10 uses the vanous sensors 
described hereinbefore to measure fetid heart rate (the ECG sensor 26), 
oxygen satiiration in the fetal blood (the oxygen sensor 32), and differences 
in fetal versus uterine temperatiire (the temperatiire sensor 30) to allow a 
three-pronged decision tiee analysis to assess fetal welhiess. If there is 
uterine-placental-fetal insufficiency, there is usually a rapid rise m fetal 
temperatiire since fetal heat loss is faciUtated by heat exchange by the well- 
perfosed placenta 36. Performance of oximetty stiidies can <hfferentiate 
bet veen clinically insignificant marginal heart rate values and sigmficant 
fetal distiess. It is also useful to accmnulate ECG datii to ascertam the need 
to deUver a child when a condition of fetal distiess occurs. Furthermore 
the device 10 allows more accurate characterization of fetal and maternal 
parameters, and this avoids false indications of distiess which can lead to 
unnecessaiy clinical procedures. 
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In another fonn of the invention, a light source, such as the laser 
diode 39 with accompanying light sensor 41 (see FIG. lA), can be used to 
determine the proximity of the device 10 to the tissue of the fetus 16. Using 
a photon wavelength which is more prone to reflectance from the fetal 
tissue and also to significant absorption through the tissue, there is an 
intensity component characteristic of the proximity of engagement of the 
laser diode 39 and light sensor 41 to the fetal Ussue. When the diode 39 is 
m contact wiA the fetal tissue, the signal detected by the Kght sensor 4 1 
will be quite small. However, as the diode 39 (and the coupled device 10) 
pull away from the fetal tissue, the light intensity detected by Ae light 
sensor 41 will increase substantially. Thus, for purposes of optimizing data 
collection or insuring reliable monitoring, it would be useful to know the 
spacing of the device 10 from the fetal tissue. For example, the best quality 
signal from the oxygen sensor 32 occurs when it is in direct contact with the 
fetus 16 and has a smaU amount of positive pressure applied to the 
monitoring site. Therefore, the measure of oxygen saturation can be 
optimized by monitoring the positional status or proximity to the fetal tissue 
of the sensor 32 using the diode 39 and die accompanying light sensor 41. 

In yet another form of the invention, the diode 39 and accompanying 
hght sensor 41, or the like, can be used to identify and compensate or 
cancel motion artifacts generated at the monitoring site. This compensating 
fimction can be achieved in a number of ways. For example, the diode 39 
can provide monitoring signals indicative of excessive variations in signal 
level. These monitoring signals can be used to stop calculations of oxygen 
saturation during periods of motion artifact. In another approach, the 
oxygen saturation level can be calculated redundantiy for several 
wavelength pairs and averaged to reduce motion artifact errors introduced in 
the data. Another mefliod can involve isolation of two data channels which 
are least affected by the motion and then cany out calculation of the oxygen 
saturation value using diese two data channels, each being characteristic of 
two different light wavelengtiis. A fimher method can be selection of a 
wavelengtii which is characteristic of pure motion artifect information. Tbis 
partcular data can tiien be scaled and subtracted from two other channels 
being used for oxygen saturation calculation in order to minimize die 
motion artifact signal superimposed on die oxygen satirration signal. 
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to anoa.«prrfB«d embodiment, fte chemical sensor 34 can be an 
i^ic sensor&r evaluating electrolyte compositions of the ammo«c flmd. 
Such andyses can provide important indications of the status of 
development ofihe fetus and signs of fetal distress. 

hanotherfotmofthe invention, the device 10 can mclode means for 
resisting expulsion ftom the uterus 18. As sho«n in flG. lA, sueh means 
I~f.r example, an arrow tip s»«t«es 50A and 50B d«pose^ on 
rooming 11. Tie arrow tip structures 50A and/or SOB can be coupled to 
TJZL 52 ««bling selective ^g and closing (that .s^os,«one^ 
ft.ahv«,hthehousinBll).oactiv.te/deactivate*==nchon„g=ff^O^^ 
such m«ms for resisting e,cpulsion otto device 10 can be a fish scale layer 

54 disposed on the housing 1 1. • u- « 

The following nonlindting example sets forth operating results for a 

prefened embodiment of the invention. 

EXAMPLE 

Afetalsensorwaspi^aredhavingthestructuredescribedmti^^ 
specification (and shown in FIG. 2 in particular) using the curved distal end 
portion of the sensor de>dce to position the distal end portion at the 
Lculatorysiteofafetus. Data were accumulated from thirty five different 
patients, and the results are summarized in the Table below. 

niustrated in the Table are data from women m active labor with 
intact membranes. The age in years of the patient is diown, and date and 
time are also shown. Also shown is the percentage of acceptab^ data 
n^easured whenfetal oximetry data were obtained^whichmcl^^^^ 
plcsthysmographwaveform Monitoring was performed begmnmg near 

onset of labor and carried out over the time penod mdicated. The 
^^elge of acceptable dataisameasure of the usefiil data taken ov^Ae 

enSellrperiod. Mean fetal heart rate is calcul^ed and is sho^^ 
correspond weU with CTG and fetal stefliascoptical exammanon with 
essentially no clinical differences. 

While preferred embodiments of the invention have been 
shown and described, it willbe clear to those skiUed in the art tiiatvanous 

changes and modifications can be made without departmg from fte 
invention in its broader aspects as set forth in the claims provided 
hereinafter. 
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WHAT IS CLAIMED IS: 

1. A fetal sensor device for measuring biological parameters 
associated with a fetus, a placenta and a mother of the fetus, comprising: 

means for noninvasively sensing parameters associated wifli at 
least one of the health of the fetus, the health of the placenta and of the 
mother bearing the fetus; and 

probe means for inserting said means for sensing within a 
uterus of the mo&er, said probe means having a housing and including a 
flexible distal end portion integrally part of said probe means housmg for 
positioning said means for sensing at a selected location m the mother and 
said distal end portion further having an independent inclmation to assume 
an outward spiral curvature relative to the fetus. 

2. The fetal sensor device as defined in Claim 1 further 
including means for controlling curvature of said distal end portion of said 
probe means. 

3. The fetal sensor device as defined in Qaim 1 wherein said 
distal end portion of said probe means includes a tenninus and said sensing 
means is disposed before the terminus of said distal end portion of said 
probe means. 

4. The fetal sensor device as defmed in Claim 1 wherein said 
sensor means includes at least one of an ECG sensor, an EEG sensor, a 
temperature sensor, a pressure sensor, an oximetry sensor, an 
electrochemical sensor, a chonical sensor, and an ultrasound transducer 
array. 

5. The fetal sensor device as defined in Claun 1 wherem said 
probe means includes a longitudinal channel with a transversely concave 
surface for containing said sensor means and having a slope between 0" and 
180« with die slope not passing through 90° on said concave surface. 

6. The fetal sensor device as defined in Claim 5 further 
mcluding a saisor coiq)hng disposed in said longitudinal channel. 

7. The fetal sensor device as defined in Qaim 4 wherein said 
chemical sensor comprises an ionic sensor for evaluating electrolyte 
compositions of amniotic fluid. 

8. The fetal sensor device as defined in Claim 1 further 
includmg an inflatable balloon device coupled to said sensor device for 
directly sensing pressure. 
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9 The fetal sensor device as defined in Claim 8 wherein said 
balloon device can be inflated with dynamically variable pressures to 
maintain a substantially constant pressure of engagement of said sensmg 
means with at least one of the fetus and the placenta of the mother. 

10. A method of sensing biologically useful parameters associated 
with a human fetus, comprising the steps of: 

providing probe means having a housing indudmg a flexible 
distal end portion and means for sensing the biologicaUy usefW parameters; 

inserting said probe means within the uterus of the fems 
mother to place said means for sensing at a selected location near the fetus; 

positioning said means for sensing by using said flexible 
distal end portion having an independent inclination to assume an outward 

spiral curvature relative to the fetus; and , ^. , . „ 

using said means for sensing to measure the biologically 

useful parameters. . . . 

11 The method as defined m Claim 10 wherem the positionmg 

step comprises locating said means for sensing near an ausculatory site of 

^^^2 The method as defined in Claim 10 fiirther including the step 
f providing an inflatable balloon coupled to said probe means, said balloon 
Wing performing the additional step of measuring pressure near the 


o 

enai 
fetus. 


13 The method as defined in Qaim 10 fiirther including the step 
of controlling Ae outward spiral curvature of said flexible distal end portion 
to enable firm positioning of said probe means relative to the fetus. 

14 The method as defmed in Claim 10 wherein the step of 
sensing comprises measuring at least one of oxygen content in the feto' 
blood, temperature. ECG data and chemical parameters associated with the 

fetus. . , i_ 

15 The method as defined in Claim 10 wherein said probe means 

comprises a transversely concave surface enablmg easy insertion of said 
orobe into Ae uterus of tiie mother. ^ 

16. nie meftod as defined in Claim 10 wherein said probe means 
comprises means for resisting expulsion firom the uterus. 
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17. The method as defined in Claim 16 wherein said means for 
resisting expulsion comprises an arrow tip structure disposed on said probe 
means. 

1 8. The mefliod as defined in Claim 16 wherein said means for 
resisting expulsion comprises a fish scale layer disposed on said probe 
means. 

19. The method as defined in Claim 10 fiarther including the step 
of responding to the sensing of biologicaUy usefiil parameters to infiise or 
remove fluids firom flie uterus. 

20. A method of sensing biologically usefiil parameters associated 
with a human fetus, comprising flie steps of: 

providing probe means having a housing including a flexible 
distal end portion and means for sensing the biologically usefiil parameters; 

inserting said probe means into a natural body cavity of the 
mother of the human fetus; 

positioning said means for sensing by using said flexible 
distal end portion having an independent inclination to assume an outward 
spiral curvature within the natural body opening; and 

activating said means for sensing to measure the biologicaBy 
usefiil parameter. 

21. The method as defined in Claim 20 wherein said probe means 
comprises a longitudinal channel shaped device having a transversely 
concave surface. 

22. The method as defined in Claim 21 wherein said device is 
about 1-3 centimeters wide and about 20-35 centimeters long. 

23. The method as defined in Claim 22 wherein said device 
comprises a silicone based plastic covering over a spring steel strip. 

24. The method as defined in Claim 20 wherein the positioning 
step comprises locating said distal end portion at an ausculatoiy site of the 
human fetus. 

25. The method as defined in Clahn 20 wherein said distal end 
portion fiirther includes an arrowed portion for anchoring said probe means. 

26. The method as defined in Claim 20 wherein said means for 
sensing includes a sensor for determining motion artifacts. 
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27. The method as defined in Claim 20 wherein said means for 
sensing includes means for determining proximity of said housing to the 
himian fetus, 

28. The method as defined in Claim 20 wherein said means for 
sensing includes a light source and sensor for detecting the presence of 
artifacts arising firom motion and thereby enabling correction of data 
characteristic of the biologically useful parameters. 
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